To evaluate probable allelopathic effect of water extract originated from different parts of russian knapweed (Acroptilon repens L.) on growth of purslane (Portulaca oleracea L.), a factorial experiment was conducted based on randomized complete block design with three replications at greenhouse condition in 2011. Treatments were water extract concentrations (0, 5, 10, 15 and 20 percent) obtained from different part of russian knapweed (aerial part, flower and root). Results showed the significant effect of extract type on seedling length, and extract concentration on shoot length, root length and seedling length. Interaction effect between extract type and concentration on the ratio of root/shoot length, seedling fresh weight, seedling dry weight and germination percentage was significant, too. Means comparison indicated that the longest root (3.55 cm), shoot (4.65 cm) and seedling (8.20 cm) were obtained from control treatment, reducing with higher concentration of extract. The longest shoot (6.95 cm) belonged to extract originated from russian knapweed flowers. The highest ratio of root/shoot length (0.73), seedling fresh weight (0.61g) and seedling dry weight (0.044 g) belonged to control treatment. In general, increasing of extract concentration caused in reduction of germination and seedling traits. Meanwhile, extracts of aerial part had more sever reducing effect than root and flower extracts.
Introduction
Portulaca oleracea L. (Portulacaceae) is a widely distributed weed. It has been used as a folk medicine in many countries as a diuretic, febrifuge, antiseptic, antispasmodic and vermifuge. It exhibits a wide range of pharmacological effects, including antibacterial (Zhang et al., 2002 ), analgesic, anti-inflammatory (Chen, 2000 . Portulaca is the only genus that remains in Portulacaceae Family following the proposal of splitting the family into four Doweld (Nyffeler and Eggli, 2010) .
Allelopathy interactions are primarily based on the ability of certain plant species to produce secondary chemical compounds, that exert some sort of biological effects on other organisms, many of which are still unknown (Waller, 2004) . Allelopathy bioassays are typically done in controlled settings, which often differ substantially from natural conditions. These methods usually involve generating leachate from allelopathic plants and subsequently testing them on seedlings (Wilson and Rice, 1968) . Such methods have led to identification of allelopathic root exudates from three knapweeds; diffuse (Vivanco et al., 2004) , russian knapweed (Stermitz et al., 2003) , and spotted .
Russian knapweed (Acroptilon repens) is an exotic invasive plant in North America and has been suspected to be allelopathic (Fletcher and Renney, 1963) . Several natural products from this plant have negative effects on other organisms. Phytochemicals from russian knapweed are harmful to other plants (Stermitz et al., 2003) , and bacteria (Norouzi-Arasi et al., 2006) . Based on our knowledge, there are no reports on the allelopathic effect of russian knapweed, especially different parts of this plant, on the germination and seedling growth of purslane. Then, the main objective of this study is allelopathic effect of water extract of aerial parts, root and flower of Acroptilon repens on germination and seedling growth of Portulaca oleracea.
Material and methods
To evaluate probable allelopathic effect of water extract originated from different part of russian knapweed (Acroptilon repens L.) on growth of purslane (Portulaca oleracea L.), a factorial experiment was conducted based on randomized complete block design with three replications at the greenhouse condition at the Faculty of Agriculture, Urmia University with latitude of 37.53°N, 45.08°E and 1320 m above sea. Treatments were water extract concentrations (0, 5, 10, 15 and 20 percent) obtained from different part of russian knapweed (aerial part, flower and root). Each of the dishes 100 seeds were placed on filter Means comparison revealed that the longest stem (6.95 cm) belonged to extract originated from russian knapweed flowers that had no different extract originated from russian knapweed aerial part and root. The lowest seedling length (6.21 cm) belonged to extract originated from russian knapweed aerial part, that no different by extract originated from root ( Fig. 2 ).
paper and then irrigation with 5 ml of water extract, and then kept inside the incubator at temperature 25°C. Seed germination was investigated every day and samples of pot were harvested at 15 days after seed germination. The plant samples were separated into root and shoot the dry weight was recorded after drying of samples in an oven at 70°C for 72 hours.
The following measurements were recorded at the flowering stage on 10 repetitive plants in each treatment per replication: root length (cm), shoot length (cm), seedling length (cm), ratio of root/shoot length and germination percentage (%).
Statistical analysis
Analysis of variance (ANOVA) on data was performed using the general linear model (GLM) procedure in the SAS software (SAS Institute, 2000) . The Student-Neuman Keul's test (SNK) was applied to compare treatment means using the MSTATC software package.
Results and discussion
Results of analysis of variance (ANOVA) showed the significant effect of extract type on seedling length (p≤0.01), and extract concentration on shoot length, root length and seedling length (p≤0.01). Interaction effect between extract type and concentration on ratio of root/ shoot length and germination percentage (p≤0.01), seedling fresh weight and seedling dry weight (p≤0.05) was significant, too (Tab. 1).
Means comparison revealed that the longest shoot (4.65 cm) was obtained from control treatment. Five percent of water extract concentrations produced the same shoot length with the longest one (Fig. 1A) .
The longest root (3.55 cm) and seedling (8.20 cm) was observed in control treatment followed by higher concentration of extract 5, 10, 15 and 20% of extract. The shortest root (1.83 cm) and seedling length (5.09 cm) was observed in extract concentrations 20% (Fig. 1B and 1C) .
Non-significant effect of extract type on shoot and root length led to one group of treatments in term these components of seedling length (Tab. 1). Significant interaction effect between extract type and concentration revealed that the maximum ratio of root/ shoot length (0.73) was obtained from control treatment. And the minimum ratio of root/shoot length (0.53) was observed in 20% extract concentrations obtained from aerial part of russian knapweed. This ratio was reduced along with increasing concentrations of all extract type. But, this reduction was the same in extracts originated from aerial part, root and flower (Fig. 3A) .
The greatest seedling fresh weight (0.61 g) and seedling dry weight (0.44 g) belonged to control treatment. The smallest seedling fresh weight (0.38 g) and seedling dry weight (0.025 g) were occurred at purslane plants that treated with 20% concentration of flower and aerial part extraction, respectively. Descending trend in fresh weight of seedling was observed in higher concentration, so the same slope in with aerial part, flower and root extract. Despite of the same descending in seedling dry weight, a great downfall was occurred in 5% of concentration ( Fig.  3B and 3C) .
The highest germination percentage (17%) was obtained from control treatment, which had no significant difference with 5 and 10% of aerial part, flower and root. The lowest germination percentage (12%) was obtained from 20% concentrations of aerial part. The response of germination percent (reduction) was occurred at 15% of water extract and though the severe reduction was observed in 20% of extract (Fig. 3D) . At all, reducing effect of extract on germination (Fig. 3C ) was begun later than seedling growth traits like length (Fig. 3A) and weight ( Fig. 3B and 3C ).
Russian knapweed (Acroptilon repens) secretes a phytotoxic flavonoid, 7,8-benzoflavone. This chemical was identified under soil-free conditions and caused toxicity in other species at 100 mg ml -1 (Stermitz et al., 2003) . Flavonoids are generally considered to inhibit germination and cell growth (Berhow and Vaughn, 1999) . Allelochemical release early in the season could affect other species at susceptible life stages (e.g., germinating seeds and young seedlings) (Weir et al., 2003) .
In addition to temporal and seasonal variation in allelochemical production, differences may exist among genotypes, populations, or plants with differing ages. Age has been shown to affect allelopathic potential in Pinus halepensis (Fernandez et al., 2006) . Abiotic and biotic factors differ with location and these may have strong influences on the production of allelopathic compounds (Einhellig, 1999) . Körner and Nicklish (2002) found that the allelopathic algal growth inhibition was dependent on biomass of Myriophyllum spicatum. In the present study, the allelopathic effects varied with the initial algal concentrations since the weights of submerged plants were fixed. Many of the phytotoxic substances suspected of causing germination and growth inhibition have been identified from plant tissues and soils. These substances are termed allelochemics (Whittaker and Feeny, 1977) . Pirzad et al. (2010) reported that effects of water extracts of sage and white worm wood on germination and seedling growth of purslane, the maximum fresh and dry seedling weight of purslane were obtained from untreated control. 
Conclusions
The present findings finding indicated significant effect of extract concentration of russian knapweed on all studied traits of germination and seedling growth of purslane. But extract type had only significant effect on seedling length that emphasize to importance of concentration of extract. It seems all effective secondary metabolites with probable allelopathic effect, was produced in all parts of russian knapweed plants, because of non significant effect of extract type on more traits. However, significant interaction effect between extract type and concentration on germination percent, ratio of root/shoot length, seedling fresh and dry weight showed non uniform trends of these traits along with extract concentration increasing of each type of extract (originated from aerial part, root and flower). While, seedling length of purslane showed significant and ascending trend in respective treat by extract of aerial part, root and flower. In conclusion the seedling growth reduced by higher concentrations of all extract types.
